Structural models of emotion represent the fact that we perceive emotions as systematically interrelated. These interrelations may reveal a basic property of the human conception of emotions, or they may represent an artifact that is due to semantic relations learned along with the emotion lexicon. The first alternative was supported by results from a series of scalings of 20 emotional facial expressions, results that could not easily be attributed to word similarity. Similarity data on the facial expressions were obtained from 30 adults and 42 preschoolers. For preschoolers, prior evidence indicates that emotion labels are not readily available; for both groups, we measured similarity without the use of emotion labels by asking subjects to group together people who appear to feel alike. The structure of emotions obtained from both children and adults was as predicted: a roughly circular order in a two-dimensional space, the axes of which could be interpreted as pleasure-displeasure and arousal-sleepiness. The form and meaning of this structure was supported through two additional scalings of the facial expressions with adults: a multidimensional scaling based on direct ratings of similarity-dissimilarity, and unidimensional scalings on the pleasuredispleasure and arousal-sleepiness dimensions.
As everyone knows, emotions can be classified into categories such as anger, fear, surprise, excitement, depression, joy, and the like, or at least by means of some such set of categories. As everyone also knows, emotions seem to be interrelated in various but systematic ways: Excitement and depression seem to be opposites; excitement and surprise seem to be more similar to one another; and excitement and joy seem to be highly similar, often indistinguishable. These interrelations are the basis for models of emotion that posit an underlying structure to the concept, such as Schlosberg's (1952) well-known circular arrangement. In our view, these interrelations reveal a process fundamental to the human conception of emotion and therefore are likely to be found in very young children, perhaps even before they are able to classify emotions into categories such as anger, fear, and so on.
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Alternatively, as Shweder and D'Andrade (1979) argue, similarity relations may represent semantic relations, a feature of word similarity presumably acquired along with the rest of language and, in particular, after learning the meaning of words such as "anger," "fear," and "sadness" that denote basic categories of emotion. Few studies on the topic of the interrelations among emotions can be offered as evidence against such an interpretation. Most previous studies on the topic have been of linguistically competent subjects (such as college undergraduates) or have involved emotion-related words (such as multidimensional scaling studies of emotion concepts or factor analysis of self-report instruments) or both. Even Schlosberg's (1952) model of facial expressions of emotion was based on the interchangeability of labels for those expressions.
In this article, we examine the structure of similarity relations among emotions with methods less dependent on language. We began by asking two questions: (a) What relations exist among emotions when the emotions are conveyed via facial expressions of emotion and when the measure of similarity between emotions is not based on the interchangeability of emotion labels? (b) Do less verbally proficient subjects, preschool children, see emotions as interrelated? We report evidence that supports a circular structure of emotions when non-language-based responses were used with adults, and that suggests that preschoolers see emotions as interrelated in a form that is remarkably similar to that seen in adults.
Study 1: Structure of Similarity Relations
Concern with similarity relations among emotions originated in Woodworth's (1938) and Schlosberg's (1952 Schlosberg's ( , 1954 research on facial expressions of emotion. They showed that a structural model of interrelations was useful in accounting for how adults associate facial expressions with labels for specific types of emotion. Schlosberg (1952) presented his model both in terms of a circular arrangement of emotions and in terms of underlying dimensions. Subsequent investigators tended to pursue one or other of these two approaches, but not both. For example, one important structural model of emotions, proposed by Tellegen and his associates (Watson, Clark, & Tellegen, 1984; Zevon & Tellegen, 1982) , postulates a two-dimensional structure, but has emotions falling in a simple structure rather than in a circular arrangement. Another important structural model, proposed by Plutchik (1980) , postulates a circular arrangement of emotions, but has no interpretation in terms of underlying dimensions.
But, as Schlosberg (1952 Schlosberg ( , 1954 recognized, a circular model and a dimensional model are not mutually exclusive possibilities. Indeed, we believe that emotions do fall in roughly a circular order and that underlying this arrangement are two bipolar dimensions, pleasure-displeasure and degree of arousal. The circular arrangement complements rather than contradicts an interpretation in terms of underlying dimensions. This hypothesis derives from a circumplex model of emotion (Russell, 1980) , which is illustrated in Figure 1 . This model has been shown to give a reasonable account for how adults (a) use emotion words to describe their current emotional state and (b) judge the similarity among emotion-related words. But the model has not been tested in situations less dependent on language.
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Tense . Figure I . Circumplex model of emotions: Multidimensional scaling representation of 28 emotion-related words (see Russell, 1980) .
In our first study we tested the circumplex model in the domain of facial expressions of emotion. According to the model, a particular expression's meaning along the dimensions of pleasure and arousal establishes its position within the emotion structure. We therefore began by scaling 20 facial expressions on pleasure and arousal. The resulting structure constituted the hypothesis for the remainder of this investigation.
Establishing a Hypothesis:
Unidimensional Scaling
Method
Twenty facial expressions of emotion were first scaled on the dimensions of pleasure-displeasure and degree of arousal. Thirteen of the facial expressions were taken from Ekman's (1976) Pictures of Facial Affect to provide two representatives each for the categories of happiness, surprise, fear, anger, disgust, and sadness, plus one labeled neutral. Ekman's Pictures of Facial Affect are particularly important because of his and his colleagues' (e.g., Ekman, 1976; Ekman & Friesen, 1975) extensive work demonstrating that these pictures represent prototypical expressions for what Ekman considers basic emotions. Nevertheless, Ekman's set spans only part of the circumplex model. Therefore, these 13 were supplemented with seven photographs selected from our own collection, which we had formed by asking various actors and actresses to express various specific emotion-related states. From these photographs, we selected two expressing boredom, two expressing contentment, two expressing sleepiness, and one expressing excitement. Whether these are the best labels for the seven facial expressions selected was not important for our study; these are facial expressions from which people can judge emotional state. These four labels should therefore be thought of mainly as convenient names for the seven facial expressions. In fact, neither these nor Ekman's labels play a role in the experiment or interpretation of results. All 20 facial expressions were shown as 3 X 5 in. (7.6 X 12.7 cm) black-and-white photographs. Each photograph was of a different actor or actress.
Three hundred subjects provided the ratings, 15 subjects per photograph. Each subject was shown a randomly selected photograph and was asked to rate how the person shown was feeling; the ratings were obtained on Mehrabian and Russell's (1974) scales of pleasure and arousal. Mean ratings from 15 subjects constituted the pleasure and arousal values for each expression.
Results
The results are shown in Figure 2 . As can be seen, when scaled in this way, the emotional expressions fall in roughly a circular order around the perimeter of the space. This specific ordering of emotions is also close to that predicted in Figure 1 , even though Figure  1 's ordering is a multidimensional scaling solution for emotion-related words and Figure  2 's ordering is a scaling of facial expressions on the dimensions of pleasure and arousal.
Testing the Hypothesis: Multidimensional Scaling
We next used multidimensional scaling to test whether our hypothesized structure corresponds to the structure of similarity relations perceived to hold among these 20 facial expressions. In multidimensional scaling, there is no need for the experimenter to provide verbally labeled categories or dimensions to the subject; rather, the subject uses whatever means he or she has available to judge the similarity between pairs of stimuli. All the pairwise similarity relations among the stimuli (in this case, facial expressions) are then graphically represented as distances within a space. The more similar two pictures are judged to be, the closer they appear in the space.
Method
Ten adults rated the similarity-dissimilarity for each of the 190 pairwise comparisons among the 20 expressions. Input to the multidimensional scaling program consisted of the mean similarity scores for all possible pairs. This matrix was analyzed via the Guttman-Lingoes (Lingoes, 1965 (Lingoes, , 1973 ) nonmetric procedure SSA-1. The resulting two-dimensional solution is shown in Figure 3 .
Results
The results clearly resemble a circle, and in particular, the circular ordering hypothesized in Figure 2 . The main difference seems to be that the multidimensional scaling solution is rotated approximately 45° counterclockwise relative to the configuration of Figure 2. However, because rotation is arbitrary, this difference is unimportant. To provide a quantitative assessment of the convergence of results, we calculated multiple correlations among relevant dimensions. (Multiple rather than product-moment correlations were used because of the slight rotational difference between the two spaces). Multiple correlation of the two-dimensional solution was .86 with pleasure and .95 with arousal.
Study 2: Preschoolers
The results of the previous study indicated that a circular structure of emotions can be observed (a) when facial expressions rather than emotion-denoting words are the stimuli scaled and (b) when a measure of similarity other than interchangeability of emotion labels is used. Because the data came from linguistically competent college students for whom emotion labels were highly available, however, these results could still be explained as mediated by knowledge of emotion words. In Study 2 we examined subjects who were considerably less verbally skilled: preschoolers. Evidence that the same circular structure describes their similarity judgments would weaken the argument that that structure is based on word definitions.
We selected preschoolers because previous research indicated that emotion labels are not readily available until at least 6 years of age (for a review, see Charlesworth & Kreutzer, 1973) . In one of the earliest relevant studies, Gates (1923) found that the only facial expression preschoolers could label appropriately was a happy one. It was not until school age, 6 years, that the majority of children could label pain, not until age 7 that they could label anger, and not until age 10 that they could label fear. In a much more extensive and controlled investigation, Izard (1971) studied over 400 French and American 2-to 9-year-old children with carefully selected photographs of prototypical expressions of nine basic emotions. When the task was to produce an appropriate label for the photographs, only the 9-year-olds averaged over 50% correct. Four-year-old American children averaged between 5 and 6 correct out of 18; 4-year-old French children averaged between 3 and 4 correct. Even these figures may be overestimates of the availability of emotion labels, because these children had first been given an emotion recognition task in which the nine basic emotions portrayed in the photographs were labeled and explained. Without such priming, "pilot data suggested that not much of an emotion labeling response could be obtained below age six" (Izard, 1971, p. 332) . Thus, in contexts in which preschool children must rely solely on facial information and in which no labels have been primed, it is unlikely that they spontaneously produce verbal labels, with the possible exception of "happy." It was just such a context that we created in our study.
There is another reason for studying preschool children. Little is known about the developmental course of children's knowledge about emotion categories, of their knowledge about similarity relations among emotions, and, especially, of the relation between these two sorts of knowledge. Perhaps the division of emotions into categories occurs first, with knowledge of interrelations coming later: integration following differentiation. Alternatively, interrelations may represent an earlier, more global perception of emotion, with differentiation into more discrete categories occurring only later in development. We thus sought basic information concerning whether young children systematically interrelate emotional expressions. Information on the perception of interrelations among emotions may prove useful to developmental researchers on such topics as emergence of emotion concepts and lexicon (Harden, Zelko, Duncan, & Masters, 1980 ), children's perception of emotion in facial expressions (Bullock & Russell, 1984; Izard, 1971; Oster & Ekman, 1978) , and their social cognition about emotion (Saarni, 1979) . The pattern of children's responses in each of these areas may be related to the pattern of interrelations they perceive among emotions.
In this study, adults were asked to provide simple nonverbal data (grouping together of photographs) on the 20 facial expressions of emotion from the previous study. We analyzed these data by multidimensional scaling to provide a representation of the perceived interrelations among the facial expressions. We then replicated this procedure with preschool children.
Method Subjects
Adults were 15 male and 15 female university undergraduates whom we paid for their participation. Reported here is an analysis based on all 30 adults because separate analyses showed no sex differences. The 42 children, twenty-five 4-year-olds and seventeen 5-year-olds, 1 were native speakers of English and were recruited in various day-care centers in Vancouver, Canada.
Procedure
Because we doubted that preschool children could directly rate similarity or dissimilarity, we used Ward's (1977) multiple sorting procedure and measure of similarity. Ward's procedure has been shown to yield results reasonably similar to direct ratings, but it is much easier for the subjects to use. They simply have to group stimuli into a specified number of piles.
Subjects were tested individually. Each subject looked over the 20 photographs and then divided them into two piles. Instructions were to group together people who "feel pretty much the same-not people who look alike, but people who are in the same mood, who feel alike." This task was repeated with divisions into 3, 4, 7, and 10 piles. To aid the children, the number of piles was indicated by sheets of colored construction paper, and division into 10 piles was described as pairing together in piles the pictures of persons who feel most alike.
Multidimensional Scaling
Input to a multidimensional scaling program consists of similarity values for all possible pairs of the stimuli. Here similarity between each pair of expressions was denned as the number of trials in which those two expressions were placed into the same pile. The resulting similarities were averaged across subjects of a particular age group and submitted to the Guttman-Lingoes (Lingoes, 1965 (Lingoes, , 1973 SSA-1 procedure.
The more dimensions used in the multidimensional scaling solution, the better is its fit to the data. "Stress," a measure of poorness of fit, is shown in Figure 4 as a function of the number of dimensions. High stress of the one-dimensional solution indicates a poor fit: More than one dimension is required to represent the data. Stress of the two-dimensional solution is more acceptable, and the question is whether a three-dimensional solution is called for. Stress tends to decrease slightly with each additional dimension merely by fitting error variance; hence large improvements in stress are commonly required to justify an additional dimension. The results in Figure  4 suggest either a two-or a three-dimensional solution, and so we looked at both. (That the slope levels off at a lower stress value for adults indicates less error variance in their data.)
Results
In Figure 5 we give the two-dimensional solutions produced by the multidimensional scaling procedure, one solution for each age group. The three solutions closely resemble one another. The first dimension from the adult solution correlated .96 with the first dimension both from the 5-year-olds and from the 4-year-olds. The latter two correlated .99 with each other. The second dimension from adults correlated .93 and .91 with the second dimension from the 5-year-olds and 4-year-olds, respectively; the latter two correlated .81 with each other.
Did the obtained structure correspond to the predicted structure? Visual inspection shows a clear similarity and suggests an interpretation in terms of pleasure and arousal. To provide a quantitative assessment of this similarity, we used multiple correlations to place the pleasure and arousal dimensions (the scores used to produce Figure 2 ) within each two-dimensional solution. (Again, multiple rather than product-moment correlations were used because of the apparent rotation of the multidimensional spaces; a multiple correlation allows a rotation of the multidimensional space to maximum congruence with the interpreted dimension.) Multiple correlations of the pleasure-displeasure scores for the facial expressions were .84, .87, and .89 with the adults', 5-year-olds', and 4-year-olds' solutions, respectively. Multiple correlations of arousal scores for the facial expressions were .90, .91, and .92 with adults', 5-year-olds', and 4-year-olds' solutions, respectively. Was there a third dimension discernible in these data? The third dimension from adults correlated .74 and .51 with the third dimensions from 5-year-olds and 4-year-olds, respectively. The latter two correlated .53 with one another. Visual inspection of the third dimension of the adult solution suggested an interpretation of assertiveness, boldness, moving toward, and asserting control at one end, and moving away, reacting, overwhelmed, and taken aback at the opposite end. There is no verification for this interpretation, although it is similar to ones suggested for third dimensions found in several studies of emotion (see Dittman, 1972; Russell, 1978) . We could find no meaningful interpretation of the third dimension from either of the children's solutions.
There is one final point of potential interest for its developmental significance. For adults, the two pictures from each emotion category (such as the two for anger) clustered together and apart from all other expressions. This occurred both in the unidimensional scaling on pleasure and arousal in the first study (Figure 1 ) and in the two multidimensional scalings by adults (Figures 2 and 5 ) in this study. This did not always happen for children: for example, anger and disgust were clearly intermixed in Figure 5 . Interestingly, in his cross-cultural studies of facial expression, Ekman (1972) found a tendency for subjects to confuse anger and disgust.
figure 5. Two-dimensional scaling solutions for facial expressions based on a multiple sorting procedure.
General Discussion
Subjects with limited linguistic skills, performing a task that did not directly require emotion labels, nevertheless, produced essentially the same structure as yielded by factoranalysis of verbal descriptions of emotion and by multidimensional scaling of similarity among emotion concepts (Russell, 1980) . Results such as these point to the psychological reality of the postulated structure of emotions and of the underlying bipolar dimensions of pleasure and arousal in the perception of emotion. These results also argue against any notion that the structure of emotion is an artifact of our language. Complementary evidence for this conclusion can be seen in two recent cross-language studies (Russell, 1983; Watson et al., 1984) : Despite differences in methodology, the authors of both studies found convergence on the same two-dimensional structure of emotion across languages. Apparently, which language someone speaks is irrelevant to the structure of interrelations that he or she perceives to exist among emotions.
The exact form of the structure of emotion remains to be worked out, but the present empirical results offer evidence favoring something like our circumplex model of emotions. In Figures 1, 2, 3 , and 5 we show a strong convergence across different methodologies on the ordering of emotions around the perimeter of the two-dimensional space. In contrast to the prediction of a simplestructure model such as that advocated by Tellegen and his associates, facial expressions of emotion do not cluster about the axes but are spread more evenly around the perimeter of the space. Of course, 20 stimuli are insufficient to map all regions of emotional space, and, moreover, there is evidence of the stability of Tellegen's simple structure in different contexts (Watson et al., 1984; Zevon & Tellegen, 1982) . Thus this puzzling contrast in results remains to be reconciled, but our prediction is that facial expressions that would define any point in the space could be found. Plutchik's (1980) model differs from our circumplex model in several ways, but the most salient difference concerns fear and anger. According to Plutchik's model, fear and anger are bipolar opposites and are therefore represented as 180° apart. According to our circumplex model, fear and anger are similar emotions, falling within the same quadrant and both falling opposite the relaxation quadrant. In all the solutions seen here, anger and fear were related as predicted by our circumplex model.
A final question raised by these results concerns the development of the perception of emotion: If the structure of interrelations among emotions is not learned through language, where does it come from? Although definitive evidence is lacking, we seem to be finding evidence that children perceive interrelations among emotions before they are able to use labels such as fear, anger, surprise, and disgust in a highly differentiated manner. Our evidence thus serves to raise the possibility of the developmental primacy of a less differentiated conception of emotion than suggested by discrete emotion concepts such as those labeled anger, fear, happiness, and so on, that are emphasized by the currently dominant view in the study of emotional development (Izard & Buechler, 1979) .
We therefore propose as a hypothesis for further study that the structure of emotion seen here graphically represents a primary and universal human process in the perception of emotion. A very young child perceives emotion in another person by perceiving that person to be in some state of pleasuredispleasure and at some degree of arousal. We further suppose that even these two dimensions are perceived not as separate but as "integral." Just as hue and saturation are not perceived as separate dimensions but in a unitary percept of color (Garner, 1962) , pleasure and arousal may be perceived in combination. What appears to an adult as fear, anger, tension, disgust, or upset may all appear to the child as "unpleasant and aroused."
Knowledge of categories of emotion may, of course, develop earlier than and independent of perception in terms of these two dimensions, but again an alternative hypothesis can be formulated to stimulate future investigation. We suggest that categories of emotion develop out of this initial undifferentiated perception. According to this hypothesis, development would consist of differentiating and learning labels for particular combinations of pleasure and arousal. For example, on the basis of knowledge of (a) context, (b) emotional behaviors in addition to that seen on the face, and (c) subtle facial differences, a child will learn to distinguish and differentially label disgust, fear, and anger. But our hypothesis is that these states are initially perceived as varying quantitatively rather than qualitatively.
